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ABSTRACT

Cognitive dysfunction is a major health problem in the 21st century, and many neuropsychiatric disorders and
neurodegenerative disorders, such as schizophrenia, depression, Alzheimer’s Disease dementia, cerebrovascular impairment,
seizure disorders, head injury and Parkinsonism, can be severly functionally debilitating in nature. In course of time, a
number of neurotransmitters and signaling molecules have been identified which have been considered as therapeutic
targets. Conventional as well newer molecules have been tried against these targets. Phytochemicals from medicinal plants
play a vital role in maintaining the brain's chemical balance by influencing the function of receptors for the major inhibitory
neurotransmitters. In traditional practice of medicine, several plants have been reported to treat cognitive disorders. In this
review paper, we attempt to throw some light on the use of medicinal herbs to treat cognitive disorders. In this review,
we briefly deal with some medicinal herbs focusing on their neuroprotective active phytochemical substances like fatty
acids, phenols, alkaloids, flavonoids, saponins, terpenes etc. The resistance of neurons to various stressors by activating
specific signal transduction pathways and transcription factors are also discussed. It was observed in the review that
a number of herbal medicines used in Ayurvedic practices as well Chinese medicines contain multiple compounds and
phytochemicals that may have a neuroprotective effect which may prove beneficial in different neuropsychiatric and
neurodegenerative disorders. Though the presence of receptors or transporters for polyphenols or other phytochemicals of
the herbal preparations, in brain tissues remains to be ascertained, compounds with multiple targets appear as a potential
and promising class of therapeutics for the treatment of diseases with a multifactorial etiology.
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INTRODUCTION

The brain can be described as the most complex structure in
the human body. It is made up of neurons and neuroglia, the
neurons being responsible for sending and receiving nerve
impulses or signals. The microglia and astrocytes are essential
for ensuting proper functioning of neurons. They are quick to
intervene when neurons become injured or stressed. As they
are sentinels of neuron well-being, pathological impairment of
microglia or astrocytes could have devastating consequences for
brain function. It is assumed that neuroglial activation is largely
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determined by neuronal signals.l" Acute injury causes neurons
to generate signals that inform neuroglia about the neuronal
status. Depending on how severe a degree of neuronal injury,
neuroglia will either nurse the injured neurons into regeneration
or kill them if they are not viable. These types of neuroglial
responses are considered to represent normal physiological and
neuroprotective responses. In contrast, some processes that are
chronic in nature persistently activate neuroglia eventually causing
a failure in their physiological ability to maintain homeostasis.
This could have detrimental consequences and may lead to
bystander damage due to neuroglial dysfunction.

Neurodegeneration is a process involved in both neuropathological
conditions and brain ageing; It is known that brain pathology in
the form of cerebrovascular and neurodegenerative disease is a
leading cause of death all over the world, with an incidence of
about 2/1000 and an 8% total death rate.”! Cognitive dysfunction,
is a major health problem in the 21st century, and many
neuropsychiatric disorders and neurodegenerative disorders,
such as schizophrenia, depression, Alzheimer’s Disease (AD)
dementia, cerebrovascular impairment, seizure disorders, head
injury, Parkinsonism etc can be severly functionally debilitating
in nature..! Neuroprotection refers to the strategies and relative
mechanisms able to defend the central nervous system (CNS)
against neuronal injury due to both acute (e.g. stroke or trauma)
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and chronic neurodegenerative disorders (e.g, Alzheimer's disease
and Parkinson's disease).l! Moreovet, stroke and dementia are a
source of high individual and family suffering mainly because of
the lack of efficient therapeutic alternatives. The latter motivates
research efforts to identify the mechanisms of neuronal death
and to discover new compounds to control them.

The past decade has also witnessed an intense interest in herbal
medicines in which phytochemical constituents can have long-
term health promoting or medicinal qualities. In contrast,
many medicinal plants exert specific medicinal actions without
serving a nutritional role in the human diet and may be used in
response to specific health problems over short- or long-term
intervals. Phytochemicals present in vegetables and fruits are
believed to reduce the risk of several major diseases including
cardiovascular diseases, cancers as well as neurodegenerative
disorders. Therefore people who consume higher vegetables
and fruits may be at reduced risk for some of diseases caused
by neuronal dysfunction.>

Herbal medicine has long been used to treat neural symptoms.
Although the precise mechanisms of action of herbal drugs have
yet to be determined, some of them have been shown to exert anti-
infl ammatory and/or antioxidant effects in a vatiety of peripheral
systems. Now, as increasing evidence indicates that neuroglia-
derived chronic inflammatory responses play a pathological role
in the central nervous system, anti-inflammatory herbal medicine
and its constituents are being proved to be a potent neuroprotector
against various brain pathologies. Structural diversity of medicinal
herbs makes them a valuable source of novel lead compounds
against therapeutic targets that are newly discovered by genomics,
proteomics, and high-throughput screening. This review will
highlight the importance of phytochemicals on neuroprotective
function and other related disorders, in particular their mechanism
of action and therapeutic potential.”

Nootropics

Nootropics is a term used by proponents of smart drugs to
describe medical drugs and nutritional supplements that have
a positive effect on brain function; “nootropic” is derived
from Greek and means acting on the mind.®! A number of
pharmaceutical compounds are in the market which have been
used for their neuroprotective property. Drugs to improve
neurofunction generally work by altering the balance of
particular chemicals (neurotransmitters) in the brain. Some
acts by selective enhancement of cerebral blood flow, cerebral
oxygen usage metabolic rate and cerebral glucose metabolic
rate in chronic impaired human brain function ze., multi-infarct
(stroke) dementia, senile dementia of the Alzheimer type and
pseudo dementia, ischaemic cerebral (poor brain blood flow)
infarcts. Number of medicines are derived from the medicinal
plants and have shown memory enhancing properties by virtue
of their bioactive phytochemical constituents. One of the
mechanisms suggested to dementia is decreased cholinergic
activity in brain. Therefore, cholinergic drugs (of plant origin)
like: Muscarinic agonists (e.g. arecoline, pilocarpine etc.),
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nicotinic agonists (e.g. nicotine) and cholinesterase inhibitors
(e.g. huperzine) can be employed for improving memory.®
Some other classes of drugs used in dementia are: Stimulants
or nootropics (e.g. piracetam, amphetamine), putative cerebral
vasodilators (e.g. ergot alkaloids, papavarine), calcium channel
blocker (e.g. nimodipine).

Neuroprotective herbs

The ‘Green’ movement in Western society has changed attitudes
in the general population who now conceive naturally derived
substances and extracts as being inherently safer and more
desirable than synthetic chemical products, with the net effect
of inctrease in sales of herbal preparations.”'” About 80%
of people in the developing countries rely on phytomedicine
for primary healthcare for man and livestock.!"! In traditional
practices of medicine, numerous plants have been used to
treat cognitive disorders, including neurodegenerative diseases
such as Alzheimer’s disease (AD) and other memory related
disorders. Herbal products contain complicated mixtures
of organic chemicals, which may include fatty acids, sterols,
alkaloids, flavonoids, glycosides, saponins, tannins, terpenes
and so forth. Proponents of herbal medicines describe a
plant’s therapeutic value as coming from the synergistic
effects of the various components of the plants, in contrast
to the individual chemicals of conventional medicines isolated
by pharmacologists, therefore it is believed that traditional
medicines are effective, with few or no side-effects. Roughly
one-quarter to one-half of current pharmaceuticals originally
were procured from plants.

Identification and characterization of new medicinal plants to
cure neurodegenerative diseases and brain injuries resulting from
stroke is the major and increasing scientific interest in recent
years. There are more than 120 traditional medicines that are
being used for the therapy of Central Nervous System (CNS)
disorders in Asian countties.! In the Indian system of medicine
the following medicinal plants have shownpromising activity
in neuropsychopharmacology: Alium sativum, Bacopa monnierae,
Centella asiatica, Celastrus paniculatus, Nicotiana tabaccum, Withania
sommnifera, Ricinus communis, Salvia officinalis, Ginkgo biloba, Huperiza
serrata, Angelica sinensis, Uncaria tomentosa, Hypericum perforatum,
Physostigma venosum, Acorus calmus, Curcuma longa, Terminalia chebula,
Crocus sativus, Enhydra fluctuans, Valeriana wallichiz, Glycyrrhiza glabra
etc. In Chinese medicine, numerous plants have been used to treat
stroke, and some of the them are: Ledebouriella divaricata, Scutellaria
baicalensis, Angelica pubescens, Morus alba, Salvia miltiorrhiza, Uncaria
rhynchophylla, and Ligusticum chuanxiong'” The neuroprotective
natures of some of the traditional plants being used from the
ages are given below.

Ginkgo biloba L.

Ginkgo Biloba (Ginkgoaceae) is also known as maiden hair tree,
kew tree, ginkyo, yinhsing and is indigenous to East Asia. It has
been used in traditional Chinese medicine for the improvement
of memory loss associated with abnormalities in the blood
circulation.”! The herb shows memory enhancing action by
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increase the supply of oxygen, and helps the body to eliminate
free radicals thereby improving memory. Phytoconstituents
include terpenoids bilobolide, ginkgolides, flavanoids, steroids
(sitosterol and stigmasterol) and organic acids (ascorbic, benzoic
shikimic and vanillic acid). Leaf extract contains 24% of
flavonoids and 6% of terpenic lactones, giving this extract its
unique polyvalent pharmacological action. The flavonoid fraction
is mainly composed of three flavonols, quercetin, keampferol and
isorhamnetin, whereas terpenic derivatives are represented by
diterpenic lactones, the ginkgolides A, B, C, ] and M [Figure 1],
and a sesquiterpenic trilactone, the bilobalide.!”! Bilobalide
and ginkgolides present in Ginkgo biloba have been classified as
nootropic agents.

Panax ginseng

Ginseng refers to a group of several species within the Panax
(from the Greek pan = all, and akéia = cure) genus and the family
of Avraliaceae growing in north-eastern Asia, with P. ginseng, or
Asian ginseng, among the most commonly used species also in
Korean traditional medicine and Kampo (Japanese traditional
medicine). It is one of the most widely used herbs in Chinese
medicine for boosting energy. It is being used as anti-ageing
herb and also employed since thousands of years as a tonic and
revitalizing agent." Ginseng root, charactetized by the presence
of ginsenosides [Figure 2] (triterpenic saponin complexes), is
considered an adaptogenic herb, able to increase the body’s
resistance to stress, trauma, anxiety and fatigue by modulating
the immune function. Ginseng may provide protection against
neurodegeneration by multiple mechanisms.

Bacopa monniera

“Brahmi,” has been used in the Ayurvedic system of medicine
for centuries. Traditionally, it was used as a brain tonic to
enhance memory development, learning and to provide relief
to patients with anxiety or epileptic disorders.!") Bacopa include
many active constituents includes the alkaloids brahmine and
herpestine, saponins d-mannitol and hersaponin and monnierin.
Other active constituents have since been identified, including
betulic acid, stigmastarol, beta-sitosterol, as well as numerous
bacosides and bacopasaponins. The constituents responsible
for Bacopa’s cognitive effects are bacosides A and B [Figure 3].1"
The bacosides aid in repair of damaged neurons by enhancing
kinase activity, neuronal synthesis, and restoration of synaptic
activity, and ultimately nerve impulse transmission.[”
Centella asiatica

Centella asiatica (CA) L. Urban (syn. Hydrocotyle asiatica 1..)
belonging to family Apiaceae (Umbelliferae) is a psychoactive
medicinal plant being used from centuries in Ayurvedic
system of medicine as a wedhya rasayna.'" It has been shown
to decrease the oxidative stress parameters. Major bioactive
compounds of this plant contain highly variable triterpenoid
saponins, including asiaticoside, oxyasiaticoside, centelloside,
brahmoside, brahminoside, thankunoside, isothankunoside and
related sapogenins. It also contains triterpenoid acids viz. asiatic
acid, madecassic acid [Figure 4|, brahmic acid, isobrahmic acid
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Figure 1: Ginsenoside Rb1 and Rg1 from Ginkgo Biloba
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Figure 2: Ginkgolides A, B, C, J and M from Panax ginseng
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Figure 3: Bacoside A, B and Bacosaponin from Bacopa monniera

and betulic acid etc. However, its exact mechanism of action in
the treatment and management of neurodisorders has not been
fully understood.'

Phytochemical based antioxidants in neuroregeneration
The brain has a large potential oxidative capacity but a limited
ability to counteract oxidative stress.”! Oxidative stress has
been implicated in mechanisms leading to neuronal cell
injury in various pathological states of the brain, including
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R Ry
1. Asiatic acid -H -OH
2. Madecassic acid -OH -OH
3. Asiaticoside -H -O-gluc-gluc-Rha
4. Madecassoside -OH -O-gluc-gluc-Rha

Figure 4: Asiatic acid, madecassic acid, asiaticoside and madecassoside
from Centella asiatica

neurodegenerative disorders. Although the brain accounts for
less than 2% of the body weight, it consumes about 20% of
the oxygen available through respiration. Therefore, because
of its high oxygen demand, the brain is the most susceptible
organ to oxidative damage.? Phytopharmaceuticals are gaining
importance in modern medicine as well as in traditional system of
medicine owing to their therapeutic potential. Novel antioxidants
may offer an effective and safe means of bolstering body’s
defense against free radicals. Central nervous system cells are
able to combat oxidative stress using some limited resources like,
vitamins, bioactive molecules, lipoic acid, antioxidant enzymes
and redox sensitive protein transcriptional factors. However,
this defense system can be activated/modulated by nutritional
antioxidants such as polyphenols, flavonids, terpenoids, fatty acids
etc. Plant derived alternative antioxidants (AOX) are regarded
as effective in controlling the effects of oxidative damage, and
hence have had influence in what people eat and drink.?"*? Thete
is ample scientific and empirical evidence supporting the use
of antioxidants for the control of neurodegenerative disorders.
As the focus of medicine shifts from treatment of manifest
disease to prevention, herbal medicine (with its four pillars
of phytochemistry, phytopharmacy, phytopharmacology and
phytotherapy) is coming into consideration, being a renaissance
of age-old human tradition.

Phytochemical based antioxidants may have neuroprotective
(preventing apoptosis) and neuroregenerative roles,” by reducing
or reversing cellular damage and by slowing progression of
neuronal cell loss. In nature, AOX are grouped as endogenous
or exogenous. The endogenous group includes enzymes (and
trace elements part-of) like superoxidase dismutase (zinc,
manganese, and copper), glutathione peroxide (selenium) and
catalase, and proteins like albumin, transferrin, ceruloplasmin,
metallothionein and haptoglobin. The most important exogenous
AOX are dietary phytochemicals (such as polyphenols, quinones,
flavonoids, catechins, coumarins, terpenoids) and the smaller
molecules like ascorbic acid (Vitamin C), alpha-tocopherol
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(Vitamin E), beta-carotene vitamin-E, and supplements.”**!
Though their mode of action is not yet completely elucidated,
and clinical trials involving them are still relatively scarce, AOX
offer a promising approach in the control or slowing down
progression of neurodegenerative disorders such as Alzheimer’s
disease, Parkinson’s disease, Huntington’s disease, amyotrophic

lateral sclerosis, ischaemic and haemorrhagic stroke.?>*

Phytochemicals in neuroprotection

There has been considerable public and scientific interest in
the use of phytoconstituents for neuroprotection or to prevent
neurodegenerative diseases. Many phytochemicals have been
shown to exert neuroprotective actions in animal and cell culture
models of neurological disorders. For example, a chalcone
(safflor yellow B) can protect neurons against ischemic brain
injury and piceatannol can protect cultured neurons against AB-
induced death. Epidemiological studies of human populations,
and experiments in animal models of neurodegenerative
disorders, have provided evidence that phytochemicals in
fruits and vegetables can protect the nervous system against
disease.”? The vast majority of studies on health benefits
of phytochemicals have focused on the fact that many of the
active chemicals possess antioxidant activity. Neuroprotective
effects of various phytochemicals are associated with reduced
levels of oxidative stress. For example, resveratrol, quercetin
and catechins reduced oxidative stress and protected cultured
hippocampal neurons against nitric-oxide-mediated cell death.?"
Some of the neuroprotective herbs with their major bioactive
compound and mode of action was shown in Table 1. Hundreds
of articles have been published reporting neuroprotective effects
of compounds in natural products, including a-tocopherol,
lycopene, resveratrol, ginkgo biloba and ginsenosides.”” Some of
important phytochemicals in neuroprotection have given below:

PHENOLS

Phenolic compounds in foods have attracted great interest since
the 1990s due to growing evidence of their beneficial effect
on human health. Evidence from 7z vitro, in vivo studies and
clinical trials has shown that polyphenols from apple, grape,
and citrus fruit juices possess a stronger neuroprotection than
antioxidant vitamins. The phenolic compounds (catechins and
epicatechins) of green tea are capable to protect neurons against
a range of oxidative and metabolic insults, which includes
protection of dopaminergic neurons from damage induced by
6-hydroxydopamine in a rat model of Parkinson’s disease;™”
protection of retinal neurons against ischemia reperfusion
injury;P! and reduction of mutant huntingtin misfolding and

neurotoxicity in Huntington’s disease models.P”

Catechins are polyphenols exhibiting neuroprotective activities
that are mediated, in part, by activation of protein kinase C
(PKC) and transcription factors that induce the expression of
cell-survival genes.P) Catechins have been suggested to suppress
the pathogenesis of Alzheimer’s disease, and to protect neurons
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Table 1: Nootropic herbs with their active constituents’ that help in neuroprotection

Plant name Active constituents Phytochemical Activity Reference
group No.
Acorus calamus Asarone Monoterpene Sedaative and important medhya [57]
drug, capable of improving memory
power and intellect
All cruciferous Sulforaphane Isothiocyanate Decreased brain edema [44,45]
plants
Centella asiatica Asiaticoside, centelloside, Triterpenoid Brain tonic, cognition and anti- [18]
madecassoside, and asiatic acid saponins anxiety
Corydalis ternata Protropine Alkaloid Anti-cholinesterase and anti- [4]
amnesic properties
Curcuma longa Curcumin Phenols Protects against synaptic [4]
dysfunction
Emblica officinalis Vit-C, phyllemblin Vitamin polyphenol  Anti cholinesterase activity [28]
Evolvulus Betaine, sankhapushpine and evolvine  Alkaloids Memory enhancing agent used in [58]
alsinoides treating dementia
Ginkgo biloba Bilobolide, ginkgolides, kaemferal, Terpenoids Action an corticosterone produce [13]
quercetin, isorhamneting sitosterol and  flavanoids steroids  neuronal atrophy and cell death in
stigmasterol the hippocampus
Glycyrrhiza glabra Glycyrrhizin Triterpenoid Improved learning and memory on [59]
saponins scopolamine induced nuerodisorders
Huperzia serrata Huperzine A and B Alkaloids Action on neuromuscular systems [18,40]
related to cholinesterase activity.
llex paraguariensis ~ Chlorogenic acid caffeine, theophylline,  Polyphenols Memory enhancing activity on [60]
and theobromine quercetin, kaemferol xanthenes dementia
flavanoids
Magnolia officinalis ~ 4-0-methyl honokiol, honokiol and Phenols For the treatment of neurosis, [61]
magnolol anxiety, stroke, dementia
Uncaria Rhynchophylline, corynoxeine, Alkaloids Neuroprotective in particular against [27]
rhynchophylla isorhynchophylline and isocorynoxeine ischemia-induced neuronal loss
Zingiber officinale Gingerol, shogaol and zingerone Phenols Brain acetyl cholinesterase inhibition [62]
activity
Ziziphus spinosa Jujuboside A, and jujuboside B Saponins Anti-calmodulin action [63]

against the processes of Alzheimer’s disease. Studies have shown
that catechins and their metabolites activate multiple signaling
pathways that can exert cell-survival and anti-inflammatory
actions, including altering the expression of pro-apoptotic and
anti-apoptotic proteins, and upregulating antioxidant defenses.*

FLAVONOIDS

Recently, there has been intense interest in the potential of
flavonoids to modulate neuronal function and prevent age-
related neurodegeneration. Dietary intervention studies in several
mammalian species, including humans, using flavonoid rich plant
or food extracts have indicated an ability to improve memory and
learning, by protecting vulnerable neurons, enhancing existing
neuronal function or by stimulating neuronal regeneration.
Individual flavonoids such as the citrus flavanone tangeretin,
have been observed to maintain nigro-striatal integrity and
functionality following lesioning with 6- hydroxydopamine,
suggesting that it may serve as a potential neuroprotective agent
against the underlying pathology associated with Parkinson’s
disease.” In order for flavonoids to access the brain, they must
first cross the blood brain barrier (BBB), which controls entry
of xenobiotics into the brain.”? Flavanones such as hespetetin,
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naringenin and their 7z »ivo metabolites, along with some
dietary anthocyanins, cyanidin-3-rutinoside and pelargonidin-
3-glucoside, have been shown to traverse the BBB in relevant 7z
vitro and in situ models.P>**! Anthocyanins can possibly cross the
monolayer in blood—brain barrier models i vitro.

ALKALOIDS

Alkaloids are a vast group of natural products containing
nitrogen, carbon, hydrogen and usually oxygen. Alkaloids may
affect the CNS, including nerve cells of the brain and spinal cord
which control many direct body functions and the behavior. They
may also affect the autonomic nervous system, which includes the
regulation of internal organs, heartbeat, circulation and breathing.
Indole alkaloids contain the indole carbon-nitrogen ring which
is also found in the fungal alkaloids ergine and psilocybin and
the mind-altering drug Lysergic acid diethylamide (LSD). These
alkaloids may interfere or compete with the action of serotonin
in the brain.”’” Ergot alkaloids have marked effects on blood
flow, which was originally thought to be the main mechanism
of action. Tropane alkaloids like atropine, hyoscyamine and
scopolamine from Datura affect the spinal cord and CNS. Iso-
quinoline alkaloid such as morphine, which is isolated from
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Papaver sommifernm (opium poppy) is a highly potent analgesic
and a narcotic drug. Morphin’s mechanism of action is strong
binding to the p-opioid receptor (MOR) in the central nervous
system, resulting in an increase of Gamma aminobutyric acid
(GABA) in the synapses of the brain.™ Vinpocetine is an alkaloid
obtained from V7nca minor, and is a highly potent vasodilator.
Clinical studies of vinpocetine report selective enhancement
of cerebral blood flow and metabolism, including enhanced
glucose uptake, which may protect against the effects of hypoxia
and ischaemia.P® Galantamine is a tertiary alkaloid, belonging
to the phenanthrene chemical class, which occurs naturally in
the daffodil (Narcissus tazetta), snowdrop (Galanthus nivalis) and
the snowflake (Leucojum aestivum). The drug also belongs to a
class of drugs called cholinesterase inhibitors and is capable of
stimulating nicotinic receptors which further enhance cognition

and memory.P*

TERPENOIDS AND SAPONINS

Many plant-derived essential oils, such as wormwood, have
been known for over a century to have convulsant properties.
The rhizome of valerian (Valerian officinalis) contains two
pharmacologically active ingredients: Valepotriates and
sesquiterpenes (valerenic acid and acetoxyvalerenic acid).
Sedating effects of the active agents have been demonstrated in
mice. Valerian crude extract, however, is noted to have GABA(B)
receptor binding properties and GABA uptake inhibition in rat
synaptosomes.”” Hupetzine A, a sesquiterpene alkaloid purified
from the Chinese medicinal herb Huperia serrata, exhibits a broad
range of neuroprotective actions. Huperzine A ameliorated
learning and memory impairments, and improved spatial working
memory. In Centella asiatica L. triterpenoid, brahminoside!” and
monoterpenes, B-pinene and y-terpinene!™ are active chemical
substances in revitalizing and strengthening the nervous function.

FATTY ACIDS

Consuming monounsaturated fatty acids and Polyunsaturated fatty
acids (PUFAs) was shown to slow cognitive decline in animals
and in humans. Most studies have focused on the n23 and n26
(omega-3 and omega- 6) PUFAs found in nuts, such as walnuts
contain the monounsaturated fatty acid oleic acid (8:1) and the n26
and n23 PUFAs linoleic acid (I.A) and a-linolenic acid (ALA).I*"
Numerous studies have shown that consuming diets deficient in
n23 fatty acids will impair cognitive functioning,*? The structure
of neurons is critical to their function as the cells must maintain
appropriate electrical gradients across the membrane, with normal
anchor receptors and the ion channels in proper position to
communicate with other cells, and be able to release and reabsorb
unmetabolized neurotransmitters. These properties depend on the
fatty acid composition of the neuronal membrane.™ The fatty
acid composition of neuronal membranes declines during aging,
but dietary supplementation with essential fatty acids was shown
to improve membrane fluidity and PUFA content. In addition to
affecting membrane biophysical properties, PUFAs in the form of
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phospholipids in neuronal membranes can also directly participate
in signaling cascades to promote neuronal function, synaptic
plasticity, and neuroprotection.)

Other phytochemicals of neuroprotective importance
Sulforaphane

Sulforaphane is an isothiocyanate present in high amounts in
broccoli, brussels sprouts and other cruciferous vegetables.
Several studies have reported neuroprotective effects of
sulforaphane in animal models of both acute and chronic
neurodegenerative conditions. In a rodent model of stroke,
sulforaphane administration reduced the amount of brain
damage, brain edema and protected retinal pigment epithet.!""
Sulforaphane has been reported to protect cultured neurons
against oxidative stress and dopaminergic neurons against
mitochondtial toxins.[*”

Hypericin and pseudohypericin

Naphthodianthrones such as hypericin and pseudohypericin
are predominant components of Hypericum perforatum. There
is strong evidence that hypericin and pseudohypericin
[Figure 5] contribute to the antidepressant action. Inhibition
of monoamine oxidase is one mechanism by which some
antidepressants operate to increase levels of neurotransmitters
such as serotonin, norepinephtine, or dopamine.! 'This chemical
appears to block synaptic re-uptake of serotonin, dopamine, and
notepinephtine.'’? Blocking neurotransmitter re-uptake elevates
their synaptic concentration. This represents another mechanism
by which synthetic antidepressants may operate.!”

Curcumin

Several beneficial effects of curcumin for the nervous system
(at least 10 known neuroprotective actions) have been reported.
In an animal model of stroke, curcumin treatment protected
neurons against ischemic cell death and ameliorated behavioral
deficits.'¥ Indeed, accumulating cell culture and animal model
data show that dietary curcumin is a strong candidate for use
in the prevention or treatment of major disabling age-related
neurodegenerative diseases like Alzheimer’s, Parkinson’s, and
stroke. Moreover, curcumin has been shown to reverse chronic
stress-induced impairment of hippocampal neurogenesis

Hypericin Psedohypericin

Figure 5: Hypericin and Pseudohypericin from Hypericum perforatum
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and increase expression of brain-derived neurotrophic factor
(BDNF) in an animal model of depression.[*”

Resveratrol

Resveratrol, a phytophenol present in high amounts in red
grapes exhibits antioxidant activity. However, more recent
findings shown that resveratrol enters the CNS rapidly following
peripheral administration, and can protect neurons in the
brain and spinal cord against ischemic injury. Administration
of resveratrol to rats reduced ischemic damage to the brain
in a model of stroke, and also protected spinal cord neurons
against ischemic injury.*”! Resveratrol can protect cultured
neurons against nitric oxide-mediated oxidative stress-induced
death. Similarly, resveratrol protected dopaminergic neurons in
midbrain slice cultures against metabolic and oxidative insults, a

model relevant to Parkinson’s disease.*’

I Resveratrol protected
cells against the toxicity of mutant huntingtin in worm and cell
culture models.”” In models relevant to Alzheimer’s disease,
resveratrol protected neuronal cells from being killed by amyloid
B-peptide and promoted the clearance of amyloid B-peptide

from cultured cells.”!!

Allium and allicin

Organosulfur compounds, such as the allium and allicin are present
in high amounts in garlic and onions, and have been shown to
be neuroprotective. In addition to their antioxidant activities,
allyl-containing sulfides might activate stress-response pathways,
resulting in the upregulation of neuroprotective proteins such as
mitochondrial uncoupling proteins.”? Moreovert, allicin activates
transient receptor potential (TRP) ion channels in the plasma
membrane of neurons. Numerous other phytochemicals also
activate TRP channels in neurons, including isothiocyanates, gatlic
alliums and cannabinoids, resulting in adaptive cellular stress
responses.™
Phytochemicals in receptor binding activity
Numerous phytochemicals modify neuronal excitability by
activating or inhibiting specific receptors or ion channels.

Approximately 50 neurotransmitters belonging to diverse
chemical groups have been identified in the brain. Acetylcholine
(Ach), the first neurotransmitter to be characterized, has a very
significant presence in the brain; recently it was determined
that acetylcholine is essential for learning and memory.’”
Acetylcholine has been a special target for investigations for
almost two decades because its deficit, among other factors, has
been held responsible for senile dementia and other degenerative
cognitive disorders, including Alzheimer’s disease.

A well-characterized example is capsaicin, the phytochemical
responsible for the striking noxious physiological effects of
hot peppers; capsaicin activates specific Ca2+ channels called
vanilloid receptors. There is now an impressive array of natural
products that are known to influence the function of ionotropic
receptors for GABA, the major inhibitory neurotransmitter in
the brain. A wide range of plant derived flavonoids, terpenes, and
related substances modulate the function of ionotropic GABA
receptors.” Such GABA modulators have been found in fruit (e.g,
grapefruit), vegetables (e.g,, onions), various beverages (including
tea, red wine, and whiskey), and in herbal preparations (such as
Ginkgo biloba and Ginseng). Many of the chemicals first used to
study ionotropic GABA receptors are of plant origin including the
antagonists bicuculline (from Dicentra cucullaria)®® and picrotoxin
(from Anamirta cocoulus)®? and the agonist muscimol (from Amanita
muscaria).> These substances ate known to cross the blood-brain
barrier and are thus able to influence brain function. Low levels of
activation of glutamate receptors can enhance synaptic plasticity
and protect neurons against dysfunction and degeneration, in part
by inducing the expression of neurotrophic factor. In addition,
several phytochemicals are well-known for their actions on the
nervous system by activating transient receptor potential (TRP)
calcium channels in the nerve cell membrane. Capsaicin (a noxious
chemical in hot peppers), allicin (a pungent agent in gatlic) and
Tetrahydrocannabinol (THC) all activate TRP channels.*” Some
of the phytochemical mechanisms on different neurotransmitters
or receptors are reported in Table 2.

Table 2: Neurotransmitter or receptor binding activity of some medicinal herbs

Plant name Phytochemical group Neurotransmitter/ Proposed for treatment Reference
Receptor/Action
Allium sativum Organosulfur compounds  HMG-CoA inhibition Hyperlipidemia [52]
Ginkgo biloba Terpene lactones GABA agonist antioxidant, PAF Dementia “Cerebral [54,56]
inhinition insufficiency” ’
Hypericum Naphthodianthrone 5-HT uptake inhibition, MAO, COMT Depression, dysthymia Sleep
I : [46,47]
perforatum inhibition disorder
Panax ginseng Triterpenoid saponin ACh agonist, DA neuron activity Cognitive and physical [14]
glycosides sluggishness
Piper methysticum Methysticin and GABAA receptor binding, Na Anxiety Ischemic [64]
dihydromethysticin channel inhibition neuroprotection
Terminalia chebula Phenolic and organic Binding acivity of NBAD and GAA Enhance memory and promote [65]
acids receptors longevity
Valeriana officinalis ~ Sesquiterpenes GABAA/GABAB receptor binding Anxiety, sleep disorder Seizures [39]
Withania somnifera  Withanolides and Enhances muscarinic M, receptor Memory enhancer
withanoles binding activity and increases [66]
muscarinic M, receptor binding sites
Pharmacognosy Reviews | July-December 2012 | Vol 6 | Issue 12 87



Kumar and Khanum: Neuroprotective potential of phytochemicals

CONCLUSION

Plants, in the form of herbs, spices and foods, constitute an
unlimited source of molecules available for improving human
health. However, a single plant contains hundreds or thousands
of secondary, bioactive metabolites, a chemical diversity that
determined the evolutionary success of plants, favoring their
adaptation to a changing environment. In this view, to ascribe
the health-promoting effects of a medicinal herb or a plant food
only to a molecule, or a single class of compounds, represents
an inappropriate and inopportune task. It is likely that different
phytochemicals produce 7 vivo additive and/ ot synergistic effects,
thus amplifying (or reducing/inhibiting) their activities.

Many of the phytochemicals that have recently been reported to
exert neuroprotective effects in various experimental models of
neurological disorders, were previously shown to have cytostatic
or cytotoxic effects on cancer cells. Although demand for
phytotherapeutic agents is growing, there is need for their scientific
validation before plant—derived extracts gain wider acceptance
and use. So-called “natural” products may provide a new source
of beneficial neuropsychotropic drugs. These studies provide
a phytochemical basis for some of the effects that these herbal
preparations have on brain function and neuroprotection. As
implicitly outlined in this survey, most of our current knowledge
about CNS-active plants of cultural and traditional importance
arose from ethnobotanical and ethnopharmaceutical (including
historical) studies, as for other natural active ingredients. Moreover,
for a suitable neuroprotective agent, a very important property
regards its ability to cross the blood-brain barrier (BBB), in order
to reach the target sites of the CNS. Finally, though the presence of
receptors or transporters for polyphenols or other phytochemicals
in brain tissues remains to be ascertained, compounds with multiple
targets appear as a potential and promising class of therapeutics
for the treatment of neurodisorders.

Finally, though the presence of receptors or transporters for
polyphenols or other phytochemicals in brain tissues remains
to be ascertained, compounds with multiple targets appear as a
potential and promising class of therapeutics for the treatment
of diseases with a multifactorial etiology.
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